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Abstract
Ɛĺ -0b|-|1omm;1|bb|bvblrou|-m|=ou|uorb1-Ѵ0bo7b;uvb|1omv;u-|bomĺr-mvbom
of commodity crops, such as oil palm, fragments natural habitat areas, and strat-
egies are needed to improve habitat connectivity in agricultural landscapes. 
$_;!om7|-0Ѵ;om"v|-bm-0Ѵ;-ѴlbѴ Ő!"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sustainable. We assessed the potential benefits of these conservation set-asides 
for forest connectivity.
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tribution to forest connectivity, we modelled range expansion of forest-depend-
ent populations with five dispersal abilities spanning those representative of poor 
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across 70 plantation landscapes in Borneo.
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ested, then overall landscape connectivity could improve by ~16%. Reforestation 
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were low for highly mobile populations under current and reforestation scenarios, 
because range expansion of these populations was generally successful regardless 
of the amount of forest cover.
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versity within agricultural landscapes are of critical importance. 
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habitat networks connect remaining areas of natural habitat to fa-
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there is an urgent need to determine how existing habitat networks 
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Loss of habitat connectivity is of great concern in the tropics, 
where rapid expansion of commodity agriculture has resulted in 
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In many areas, formerly extensive and contiguous forests now per-
sist as isolated remnants scattered across vast agricultural matrices 
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lands may also impede the dispersal of forest-dependent species 
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track climate change. Land-use and land-cover changes are likely to 
interact with climate change to exacerbate the effects of fragmen-
tation in tropical ecosystems by reducing suitable habitat availabil-
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overlap with the locations of future suitable habitats under climate 
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populations are likely to decline in landscapes with poor connectiv-
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effective conservation measures that preserve forest connectivity 
are needed to support species persistence.
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To encourage such set-asides, voluntary sustainability certification 
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require members to identify and conserve areas within planta-
|bomv|_-|vrrou|b]_omv;u-|bom(-Ѵ;vŐ(vĸ";mbouķuomķ
(bѴѴ-Ѵr-m7oķşbѴѴķƑƏƐƔőĺ(v-u;0boѴo]b1-Ѵķvo1b-Ѵou1Ѵ|u-Ѵ-Ѵ-
ues of critical importance that are split into six broad types. Types 
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and protected if they are important for forest connectivity and/or 
the preservation of forest corridors.
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we recommend active management by plantation companies to improve forest 
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connectivity benefits.
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We assess landscape connectivity by using the Incidence Function 
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provide stepping-stone patches generate greater connectivity ben-
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dispersal ability and forest cover within the wider landscape.
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Starting on 1 January 2010, the RSPO required that all members un-
7;u|-h;|_;;Ѵ-m|bm]uo1;7u;Őĸ!"ķƑƏƐƔőķ1olrubvbm]
assessments to be conducted prior to new oil palm developments, 
to prevent new plantings from negatively impacting areas of primary 
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ment, auditors submit a report detailing where new plantings may 
take place to the RSPO for approval. We obtained the location of 
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NPP audit reports for 70 RSPO member-held plantations in Borneo, 
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classes into a single class that we termed forest, and considered 
all other land-cover categories as non-forest. We aggregated these 
data to 90 m resolution by assigning each larger grid-cell a value 
representing the number of the nine aggregated 30 m grid-cells that 
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tionally feasible simulations while ensuring model sensitivity to the 
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Oil palm plantations often comprise several estates. In our 
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location of 70 New Planting Procedure 
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forest cover within the plantation boundary. This forest could rep-
resent areas planned for development, given that oil palm produc-
ers undergoing the NPP have lands planned for oil palm plantings 
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national law requires that plantation companies convert all arable 
concession lands, including currently forested areas, to agriculture 
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forest found within the plantation boundaries for our connectiv-
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tions. To delimit plantation landscapes for our connectivity analyses 
and include all separate estates for any given NPP assessment plan-
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for connectivity in the context of the wider landscape, including 
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discrete estate and no other plantations included in this study fell within 30 km of the focal plantation centroid
(a) (b)
(c) (d)
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habitat beyond the plantation boundary, over distances relevant to 
the types of species we were modelling.
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measure of connectivity was based on successful range expansion 
of populations across our 70 plantation landscapes, and we ran 
separate connectivity models for each plantation. We examined 
whether forest-dependent populations with a range of dispersal 
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to all surrounding forest patches, and species-specific parameters 
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For each of the 70 plantation landscapes, we simulated range 
expansion from source to target grid-cells located on opposite 
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source grid-cells were seeded with full forest cover, regardless of the 
forest fraction derived from the land-cover data, to prevent source 
populations from going immediately extinct. Each simulation was 
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any direction but were constrained to reproduce only within forest. 
We excluded source and target grid-cells over water for six planta-
tions near the coast.
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vides a counterfactual that assumes that without RSPO member-
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with oil palm. The current forest cover scenario represents our 
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We examined how different assumptions of population dispersal 
ability affected our measures of forest connectivity, by varying α 
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corresponding to maximum dispersal distances of 0.5, 1, 3, 5 and 
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different types of populations, ranging from relatively sedentary 
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lar when we ran models with alternate population density values 
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We ran connectivity models simulating range expansion across 
70 plantations, from 12 different starting locations per planation 
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this model, the dependent variable was a two-column matrix that 
represented the number of successful and unsuccessful coloni-
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categorical predictor variables. To examine the importance of for-
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ity by the fitted algorithm. By modelling spatial dependence in the 
systematic part of the model, we were able to account for spatial 
autocorrelation in the model residuals, determined by inspecting 
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tivity, and we ran the model using a logit link and binomial errors. 
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persal ability included as a predictor variable, but kept all other 
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model parameters the same. Finally, to examine the robustness of 
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in R version 3.4.0.
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to .0114 with current forest cover, an overall improvement of just 
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est cover. Overall, irrespective of dispersal ability, the relative 
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considered, the greatest percentage improvement to connectivity 
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Specifically, populations with 0.5, 1 and 3 km dispersal abilities 
were on average 2.7, 2.4 and 1.2 times more likely to successfully 
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small for the poorest dispersers, as most populations were still 
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These findings were relatively insensitive to variation in popula-
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lute connectivity benefits for the very poorest dispersers if their 
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fore greatest for populations with 1 and 3 km dispersal abilities, 
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10 km dispersal abilities, both relative and absolute improvements 
to connectivity were low because the number of successful colo-
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plantation landscapes increased with dispersal ability and was high-
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scenario, but increased with higher levels of surrounding forest 
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high, except for extremely isolated plantations with very low levels 
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around 12% of the total plantation area, and so have the potential 
to make an important contribution to remaining forest cover in oil 
palm landscapes. Furthermore, almost half of all plantations con-
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of high-quality forest habitat is important for population persistence 
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port viable populations of forest-dependent species unless they are 
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study were only 21% forested, including intact, logged and regrowth 
forest. Our estimates of forest cover are likely to be conservative, 
as they may not include all disturbed and severely burned forest 
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scenarios for populations with different dispersal abilities: brown 
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somewhat optimistic, as reforestation may not be feasible or 
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forest scenario is not a perfect counterfactual of the benefits 
of certification, as we do not know how much forest remains in 
non-RSPO plantations.
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outcomes compared to simpler approaches. Our results are com-
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to examine whether habitat networks of conservation set-asides 
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approaches that assess the resilience of ecological networks and 
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of oil palm landscapes and the area of 
forest cover surrounding each plantation 
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dispersal abilities. Points and lines are 
colour coded to represent landscapes 
with different amounts of forest cover 
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Points represent predicted values from 
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represents standard errors around model 
fit lines
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that go beyond classic landscape connectivity estimates and in-
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is therefore an improvement on standard connectivity metrics, but 
does not include parameters such as reproductive strategy or dis-
persal phase that are often included in more complex Individual 
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ience of habitat networks and identify where connectivity losses 
are most critical.
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absolute connectivity benefits were greatest for populations with 
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fairly mobile species such as forest-dependent butterflies or small 
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types of species are likely unable to cross non-forest areas, and so 
may require continuous tracts of forest to move across plantation 
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tremely mobile species dispersing more than 5 km per generation 
because landscapes are nearly always connected for these species 
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tivity models, we assumed that populations of forest species could 
leave forested areas and disperse across plantation matrices. In real-
ity, little research has examined the permeability of oil palm planta-
tions for forest-dependent species, which may be confined to forest 
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The availability of forest in the surrounding landscape varied con-
siderably, and plantations with more surrounding forest were bet-
ter connected for all types of forest populations. Whilst we did 
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provide little connectivity benefit if they are too isolated from 
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ity benefits if located within reasonably intact landscapes that are 
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the most connectivity benefits in landscapes with a patchy mix 
of forest and non-forest areas, dependent on the specific loca-
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ate landscape-complexity hypothesis; see Tscharntke et al., 2012; 
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may not contain good quality forest, which is needed for maintain-
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we studied had low forest cover, and we strongly recommend active 
management by plantation companies to improve forest extent and 
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should be made to reconnect these areas via restoration of the in-
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to other tracts of forest such as public protected areas, community-
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ments since our cut-off in 2015, an additional 40 NPP planta-
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tations to be different from those in our analyses. Nevertheless, 
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positive impacts on forest connectivity if more forest was des-
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changes are expected to increase the amount of forest set-aside 
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areas, to provide opportunities for maintaining connectivity of 
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side the focal plantation. We conclude that improvements to the 
RSPO standard will likely improve the connectivity benefits of 
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these benefits in the long term.
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